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The result.s obtained in \'xpl'l'inwnt I indieate that t.he precision of
('stilllation of the PRE eould be improved by deere:\..~ing the st.ep-size
hetween the nonintl'rlaeed pidul'es. Aecordingly, the ratio of the st.ep
sizc in terms of number of lines between the noninterlaced pictures

Fig. 17 shows the preference pel·('cnt.ile ~WOl'C of the noninterlaced
pictures over the interln.eed picture for the blonde model is a IG5-line
picture (Hi = 1.08) with a standard deviation of H) lines. The PSE
of the brunette model is a 163-line pidure (Bi = 1.0.'») with a standard
deviat.ion of 2~ lines. Their 7'-seore of 0.24 illdieatl's t.lwre is no significant
difTerenee in their PSE's.

Fill:. 15- Experiment I-the preference for llonillt.er\lLI~d pidllrCII over 1\ 225-line
inlprll\ped pil'l.llrc nt t.wo levell. of i11l1minl\t.ion. (Hllmrned over ot.her additiolll\\
vl\rillhlcs. )

'If ~:~:.:;~~: :;~ 0.!2 ~:::!~:~~~~~~ ~h"'t tHldn{~ {~'1nC:foo:HHl f1()I~(l clops not, ~il!llif

i(~antly ptTeet the results.
Spot,..wohbling the scanning heam of ll. noisy picLure incre:\..<;cs the

visible Rize of the noise which is ll.naloJ!:ous to lowering the frequency
\if thi; iiOi::;c. It ::; «, ,",veIl kno'.v~~ f:u,t th:tt !~~Y fr~(plf"It.y nois~ is more
detrimental to tho quality of a television pi(~t.ure than hiJ!:h frequency
noise. When the pictures were spot-wobbled wit.hout added noise, t.he
PSE was Vi7 lines indi('ating n st.rong preference for the noninterl:wed
pidllres in this CMe. When noise was added tQ the spot-wobbled pic
ture's, there was an incre:\..<;e in the prcferenee for the line-interlaced
pict.urp, PSE = IG7 line.'i. This indicatps that n. combination of noise
and spot.-wobhle is more det,rimental to t.he quality of a noninterlaced
nid,ure I,han a line-interln.ced nieture by a siJ!:nificant amount. Interline
l!i(,kpr /\"'ISO\'lILtp<! wlt.h t.he IIJl(Hnl.cr!twp(j pJ(:Lurc appears IiIllIJCCLIY\,iy

:\..'1 noise to the observer. Could it be that the added noise in a spot
wohbled picture is partinlly confounded with t.he interline-flicker of
the line-interlaced picture and therefore is not as visible ns such IlS

it is in the noninterlaced pictures?
Fig. 15 shows J!:raphs of the preference percentile scores for the

noninterlaced pictures over the interlaced picture for two levels of
illumination summed over the additional variables. A significant dif
ference w:\..<; not deteeted for the chn.nge in illuminatioll. Thus, olle
may conclude that f\ chan~e in illumination will not change the sub
jective equivalC'II('y betweell line-interlaced and lion int.C'rl:wed television
pir.tures under the conditions of this experiment.

Fig. 1G shows the preference percentile score of the nonint.erlaced
pictures over t.he interlaced picture for the skilled observers alld thc
nonskilled observer. The PSI': for the skilled observers is a HiG-line
picture (Ui = 1.(9) with a standard devin.tion of 21 lines. The PSI';
for the unskilled observers is a 163-line pict.ure (Hi = 1.05) with a
st.andard deviation of 21 lines. A T-score of 0.37 indicates there is
no siJ!:nificant ditTerence between the two groups of observers. However,
an interesting significant difference w:\..c; found within the skilled group
of observers. The skilled observers were drn.wn from two television
engineering groups at these laborn.tories which work more or I(':"!s in
dependently of each other. One group had a significantly stronger
preferencc for the line-interlf\ced pieture than thc other. Yot when
the dn.t.a of the two groups were pooled the PSI<; of the skilled group
and the PSE of the nonskilled group were not. signifil'l\lItly ditTprenf..
This implies that wh('n conducting subjective t.eRt:"! of this t.ype where
t.he results are applicable tQ a lay population, the possibilit.y of a :"!trong
bias in n. skilled group should not be overlooked.
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Fig. 16 - Experiment I-the preference for noninterlaccd pict,ures over a 225-linc
int.erlacell pidure fllr llkilled and nonskilled observers. (Summed over all variables.)
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e:wh. In ease II, 9 nOllskilled subjects were used with three replications
each.
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each case. It was felt that this wa." legitimate sinee experiment I in
clieated that a ehange in illumination did not signifieantly afTect the PSE.

In addition to determining the PSI<; of the line-interlaced pieture with
respect to the set of noninterlaced pictures for the conditions cited
above. it wa." desirable to determine the subjective relationship between
the noninterlnced pictures. Accordingly, :m incomplete factorial design
Wl1S w;;cd where the line-interlaced picture wa.'! compared with each
of the nonintel'lnced pictures and the adjacent (in terms of number
of lines) noninterlaced pietures were compared with ench other. A-D
testing techniques were employed again. The order of A-D pairs and
the order within A-D pairs wa..~ determined by random number tables.

The test apparatus described curlier was IIsed except that it was
modified to accommodate the new rates.
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was redlleed to V2 over the range of ]~.'i lines to ]89 lines. Table III
shows t.hese parameters and the values of the other parameters which
were changed in order that the picture format would be consistent
with the chnnl!:e in number of lines.

Anotlwr variable of importance, a dlllnp;c in picture luminance, WIIS

infrodll('('(l at two lev('ls in experiment II. These two levels were:

The amhient illumination was set at the two levels indic~atecl in the
I,able whieh the experimenter thought gave good pidure rendition in

Fig. 17 - Experiment I-the preference for lIonillt.erlaced pictures over a 22[l-line
interlaced picture for blonde and brunette models. (:::iulllmed over all variables.)
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l\ normal distribution, a probit regression lille WIL'l determined for each
('IL'lC. Chi-square test.'l indicat.ed 110 eOllflid wit.h the hypot,hesis of a
normal distribution.

The lIa/,a of experiment JI W:L~ testcd fOl' sigllifieance ill t.he same
nml1ncr of experiment I.

For a high-light luminance of flO fL (170 cd/m2
) the PSg WILl) 0.

177-lillc noninterlaeed picture (lli = 1.24) with a (f of 12 lines and a
SEP of 2.0 lincs. For ll. high-light luminllonee of 80 fL (270 cd/m2

),

t,he psr~ Wu.s 171 line noninterlneed pieture (lJi = 1. Hi) with a (f of
18 lincs aIHI a SJt;P of 2.6 lines.

In audition to the graphs of cxperiment If, Fig. IS shows the graph
of the result."l from experiment I (sec Fip;. 12) for a high-lip;ht luminance
of about 100 fL (340 cd/m2

) summed over all variables. Thus, threc
vnlues of high-light luminance are available in cheel<ing for a significant
difference betwecn high-light luminances.

The 7'-seore for changes in high-light luminances of 50 fL (170 ed/m2)
to 80 fL (270 cd/m2) and 80 fL (270 ed/m2

) to 100 fL (:310 cd/m
2

)

is 1.83 and 1.44, respectively. These 7'-scores approach the significant
value of 1.%. Thus, we may conclude that n. change in high-light
luminance of less than 30 fL (100 cd/m2

) over the range of 50 fL
(liO cd/m2) and 100 fL (:l40 (~d/m2) will not quite produce l\ sil/;
nificant difference in the PSE when eomparillg line-interlaced and
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proportionately with the difficulty of reaching f1 decision, i.e., time
would be well correlated with the first derivative of the percentile score.

Using time as the variable, control charts'O were set up for the
experiment, The control charts for the mean time indicated that the
experimcntal apparatus WIlS undcr control at all times. Range eontrol
charts indicated that all of the observers were within population
eontrol limits.

Table IV (a) lists the frequency of prefer'cnee for t.he 1I0llinteriaecd
pictures over the 225-line interlaced picture for the two levels of
luminance. Listed in Table IV (b) is t.he preferenee of the noninterlaced
pict.ure with the larger number lines over the adjaeent noninterlaced
picture with the lesser number of lines.

The data listed in Table IV (a) relatill~ t.he int.mlaeed pietUl'e to
t.he nonillt.erlaecd )liet.UI'e~ was cOllvcrted t.o pereclltile scores and plotted
011 normal-probability paper as shown in Fig. 18.* Again assuming

• When the fifth data point is missing from the graph, it uccurred at the looth
percentile for the 225-line noninterlaced picture.

VIL EXPEllIMENT II-RESULTS AND CONCLUSIONS

Each of t.he observers made a forced choice decision for olle of the
two pidures in each A-B pair presented to him. In addit,ion to recording
his prefcrcncc, the time it took each observer to reach a decision was
rCl~of(lcd for each A-B pair. It WfLS assumed that time would vary

The t,p-st, nroeedure and instructions to the observer were t.he same
IL'l those described in Section IV except for t.he necessary elmnge in
the lIumber of "sets of pictures".



Fig. 18 - Experiment I 1\11(1 II-the preference for nOllinterlnced pictures oVl'r a
225-line interllLced picture for three levelH of luminlLllce.

nonint,erhu~ed t.e1evision piet.ures under t,he condit.ions of t.hese ex
periments.

The 7'-I'l('Orc for a change in high-light luminance of .")0 fL (170 culm")
to 100 fL (:HO cd/m2

) is 2.8.'). This value of l' is highly significanL
We may conclude that a change in high-light luminlLnce from 50 fL
(l70 cu/m2

) to 100 fL (:HO cd/IIl2
) will produce a highly significlLnt.

difference in the PSE when line-interlaced and noninterlaced t.elevision
pictures arc compared under the conditions of t.hese experiment.s.

The preference of the nonint.erlaced picl,lIre with the larger number
of lineR over t.he adjacent noninterlaced piet.ure wit.h the lesser number
of lines iR 1101. showlI in graphic form. Table IV-B shows that about
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• The experiment.er fOllnd thnt. the ehnnge in the number of lines (a.bout 9 percent)
ll'n~ qllite evillent in cnch ClI.IIe, wherca~ t.he (:11I\nl(e in bandwidth (I\bout IS percent)
\\'11~ Ilillil:lllt tAl deteet. Baldwin,' fOllnd thnt n chnnge in ulL1Hlwidth or 16 percent was
'H,t perceptible in his experiment.'1.
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VIII. EXPF:RIMENT lII-Jo~XPERlMENTALDESIGN

flO P('f(~(,1I1. of tho observers preferred the pietures with the larger
number of line,; over the piet.ure with t.he lesser numbPI' of lines. Tile
rxad, me:millJ,!; of thesp rmmlt.:,; is not obviolls. Alt.holl~h the observers
were asked to make their del~iRioJls 011 the baRis of pieturc qualit,y,
we may instead havc a mC:L"IIIrC of the observers abilit,y t.o detect a
dilTerellee in the nllmber of lilies between two pictures.... In other
words, the ohserver in det.eding which pid.ure had t.he /!;reatcr numbcr
of lines, may have H.<lsumed t.hat this pieture mURt also have the better
quality. We may ('OIw!tule that about, !)O percent of the observers
will he ahle 1.0 c1derlllill(' whidl of two I1onint.erlacecl l.c1evi!'1ion pictures
has t.he J!:I'Pltt.('r lIumbel' of linps when the ratio of the lIumber of linCH
in tIl<' pidure i~ V2 ovpr t.ho ran/!;o of J;{!i-line piet\ll'es 1.0 22."l-linc
pidllres.

The faet that the image of a t.elevision picture is reproduced in
lines on t.he picture tube !'1ereen iH objectionable to most people. This
is particularly true of low-resolution television systems with coarse
linp st.l'\l<'t.urps. Broll.dnnin/!; of the Hemming lines will nid in reducing
t.he objeet.iollable cITect.'! of the line structure. Asymmetrical defocussing
of t.he Heltllnin/!; spot. with a ma/!;net attached to the neck of the picture
!uhp is OIl(' of the most eeonomical approaches to this problem though
~IonteathII ha.<; shown that it is not the best esthetic solution.

ASylllllwtl'wat spot defoeuRsing was used ill this experiment as
d('s(~ribed in Scdion II. The lirw-widt.h to line-pitch ratio wUoS set at
approximately 1.7 for the interl:wed picture and approximately 1.2
for the nonintcrlaecd piet\ll'es.n Fig. 19 showA photographs of a
line int,prl:u'ed and nonint.crll1.ced pietnre with the line-width to line
pit.<lh ratios set for the preferred valueR.

The 22rl-lin~ intcrlaecd pictlll'c wa.., compared with the five non
interlaced pi(~t.ures described in Table III except that the 225-line
nonint.erlaccd picture deAcribed in Table I was exchanged for the 135
line nonint.erlaced picture of Table III.

Two levels of luminancc nnd illuminat,ion were introduced as follows:
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FiK. 19- Experiment Ill-photop;raphs of llIlymmetrienlly defocusscd pictnres.
(1\) 225-lille interlaced picture, (b) 225-lme nOll interlaced picture.

On the assumption t.Jmt a dmnge in illumination did not have a sig
nificant effect on the PSE, the illuminat.ion was changed to give good
picture rendition with the levels of luminancc uscd.

The order of prescntation of A-B pairs for each case and the order
within pairs was detcrmined by random number tables.

In ca.<;e I, 16 nonskilled observcrs were used wit.h 3 rcplications each.
In ca.<;e II, Hi nonskilled observers were used wit.h :~ replications each.

The test, procedure and inst.rurtions t.o the observers werc t.he salllP
:1.'1 those dpseribed in Sect.ion I V pxcept for t.he necessary dmnge ill
the "number of set.s of pictures."
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Each of the observers Jll:l(h~ a fon'pd dlOiee decision for one of the
two pictures in each A-B pair presented t.o him. In addition to recording
his preferenee, Ute time it. took eltch ohserver to rench a decision was
recorded for each A-H pair.

Usin/!; time a.'1 the variable, ('ontl'Ol dmrt.s'o were set up for t.hc cxper
inwnt.. The eontrol dmrl•..; for t.l1(~ Illean t.ime indicated that thc cxpm'i
ment. wa.'! under control at all times. Rangc eontrol chart.s indicatcd
that all of the obscrvers wem within population control limits.

Table V lists tho freqllcncy of proferonco of tho nonintcrlo.ced picturcs
over the 225-line interlaced picture for the two cascs under t.est.

The dnta listed in Tahle V was converted to percentilc s('ores and
~lntt"rl np "nr"'" l."r()hcd,;fi f v n'\llp!' CI.'" ",hown in Fig 20 Assuming
a normal distribution, a probit reI/: res.", Ion lane wa.<; determined for
each ca.'3o. Chi-square test•..; illdicatcd no ('oIlOid wit.h thc hypothesis
of ll. normal distribution.

For !'aSI' I with a high-lij!;ltt 11IIninancc of GO fL (200 cd/m2
) the

PSE wa.'3 a In-linc pictUl'c (Ui = 1.18) with a IT of 22 lincs and a SEP
of 2.1 lines. For Case II with a hij!;h-lij!;ht hllnim\lH:1' of 40 fL (140 cd/m

2
)

lhe PSI~ wa.'3 a ISo-line noninterlace picture (Ui = 1.37) with a IT of
If) lines alHI a REP of 2.~ linl's. The value of the quantity Twa.", 3.75
illuieatin/1; a sil!:"ifi(:ant difTerelH'1' het-ween t,he two PRE's.

Wc may ('olle/ude that WitI'll t.he line-widt.h to line-pitch ratio is
set at It.S preferred vahl(' for illt,er!a(:nd alld ilOllildPrlfLcod television

TABU: V - EXI'EHIMENT HI: Jt'nEQUENCY OF PREFERENCE FOR NON

i:-lTEHr,ACEl> PICTURES OV1<~ll 225-LfN1<~ IN1'EHLACliJJ) PICTURE WilEN THE

LINI,;-WII>TIl TO LfNE-PITCH RATIO IS 1.7 1<'Oll INTERLACED PfCTUHER

ANO t. 2 f'OIt N ONINTEIU,AGEI> PICTURES
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X. SUMMARY AND CONCLUSIONS

I.'il(. 20 1':xlll'rinwllt lll--t,he preferelll:e for noninterll\l:cd pidnrcs over Il 22[)--line
illl.·rlllel·d pidlll'C' for two Icvels of high-light llllllillllllCC with the linc-width to line
pitt'h mlio set to it.~ prc'fcrrcd vnllle.

;"Hi ,.... p'H,-V\o'HH11\- "\rd",",, H';', ..... if.;,HiiH.tt,i",

A. significant first.-order intemct.ion was fOllnd between added
tlaus."ian noise and a sinusoidally spot-wobbled se:mninJl: beam. When
Ill(' sf'anning beam of t.hn I.nst pic~t.ures WI\." spot-wobbled with a 7.14
.\[ Ifz sine wave, the 22!i-line interlar~ed picture did not provide any
~lIhj('et.iv(' savings ill bandwidth. Howevf'r, when noise with a Gaussin.n
dist.ribution was added t.o t,hc spot-wobbled picture the subjective
bandwidth savinJl:s WI\." about 10 preeent.. This indicates that added
lIoise is more detriment.al to I.he qualit.y of a spot-wobbled noninterl:wed
pH'ture t.han t.o Il. spot-wobhled line-interlaced picture.

It Wll.." found t.hat. about 90 percent of the observers preferred the
nonint.erlaced picture with the great.er number of lines when the ratio
of the numher of lines of the two pir:tures wl\.~ V2 and the vertical
f('solution in ear~h picture wl\.~ approximately equal to the horizontal
I'('solut.ion.

The same amOllllt of pidurc informal.ion is presented in both the
22;')..line interlar:ed piet.lII·e and t.Iw 22!'i-line nonint.crlar~ml pict.ure. The
noninterlaced pir,ture is a quiet pict.ure in whieh the small details
may be el\.qily del.eded and t.raeked by the observer. This same detail
is visible in the int.erlaeed pir:ture, hut. t.he observer mill'll, look "t.hrough"
Ihe int.erline flieker eITect.'! and !'Psist the int.rinsic dc.<;ire of t.he eye
to t.raek stl'Ohoseopie pat.t.erns in OI'der 1.0 Ree t.he det.ail. It. is highly
probahle that, t.he resu!t,s of t.his cxperilll£'nt would hnve been quit.e
different if the observers tl\.':lk Wl\.':l t.o reco~nize and identify fine detail,
such :\.'1 the recognit.ion and identification of alphanumerical mat.erial.

III t.he design of a low-resolution t.elevision syst.em the ehoice between
linc-interlace and noninterlace is not complel.ely resolved hy these
(':<r('rill1enf.~.ThORe cxperimenl.s provide liS wit.h a long awaited mel\.<;ure

1 1lc'l1_iJ.!_ whicl!Uw linc-_\\,idt.hl.c,,-Jine-pitch_ hadhf'~l! ()lltlrnJze<1 the

I
slIhjedivp. handwidth Ravings Wll$ ahout. 37 percent.

II. WllS found t.hat. high-light IUlllinalwe had a significant cITed Oll
t lin suhjedi ve equivalellce hetween linc-interlaced and noninterlaced
t.elevision pir~tures. In the worst case with a high-light luminance of

"

.100 fL (:\.1() cd/m2
) tlw lillf'-intprl:willg of a 22!i-lille television picture

provided a Ravings in subjective bandwidth of about G precent. Under
similar test ('01HlitiollS at, a high-light Illmillance of !iO fL (170 cd/m'),
Ihe 8ubjective bandwidth RavingR was about 24 percent.

The main eITeds of t.he variables added Gaussian noise, spot-wobble
illuminat.ion, t.wo typf'.~ of models, and two t.ypes of observers did not
produce a signifiellnt. diITm·OIH'p. in their result.~. The first-order int.er
aet.ion between e:wh of t.hese variables with the exception of noise

a= 19
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a= 22
SEP = 2,1
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It ha.s been found that tho line interlacing of low-resolution televisioll
pietum~ provide the observer wit.h substantially less tha.n a 2 : 1 savings
in bandwidth under t.he conditions of these experiments. In the most
optimistic case where the high-light luminanec \\'a..-; ·HJ fL (l·W nl/m

2
)

pictures there will be a significant diITerence in the PSE when the high
light luminance is dHLllgCtl from GO fL (200 ed/Ill') 1,0'10 fL (110 cd/m

2
)

or vice versa under the conditions of this experiment.
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01 tile SUi,,>JeeLive eq, ulvalellce oetween iine-imeriacc(i a,lIti noninLerjae(~(i -/'
t.elevision pictures under the conditions described. Before a final decisioll
is made many other fadm'S such as cost of implementation, tho sub
jective elTect,"! of PCM processin/!:, repeat.er spacin/!:, the suhjective
etJect.c; 01 crosstalk, et.(·, Ii applicable, must be eonsidered. Finaliy,
although the full bellclit,~ of a 2: 1 savings in bandwidth is not realized
by line-interlaeing it does providc some bandwidth savings in all of
t.11C (·a.<;es st.udied ex(~ept one and furthermore, linc-int.erlacinl!: appears
to parl,ially mn.'1k the ulTects (If added IlOise.
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of Noise Added to a Signal
By H. C. BUAINAHD

(Mnnlllll:ript ml:eived Sept.ember W, 1!)66)

The visibility of noise in a television pre.'lentatian i.~ related to the spatial
frequency and flicker-frequency cornpanents of thc noise display. The
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1m (l 1'V screen, demonstratcs remarkable linearity by giving a good ap
pro.rimatilm to the visibility function rnea.'turcd with narrow bands of noise.

A difference in visibility between moving and stationary gratings produces
a diffcrence between noise visibility in TV and photographs. 7'his fact
is important in evaluating the computer simulatian of a system by cal
CIIlations for a single TV frame. 7'he va1'iation of visilJility with motion
pretlicts increased visibility for atlditive noise in a televi.<rian frame repeat
illg sl/stem. A pplication.'l to predillwrti,m and reconstruction flUeI'll for
transmission of analog and digital 1'V signul.'l are discussed.

I. lNTIlOIlUel'lON

For the design of a. television communication channel it is desirable
to have a figure of merit for comparison of e!umnels. As our sophisticntion
in the design of communication chmmels increu.llcs, so we must also
increa.'1e our sophistication in defining and measuring a suitable figure
of merit.. As a mensure of merit we mny \L.'lC the power speetrum N(w)
of the error, or noise, added in the chnnncl which can be measured for
all frequencies, w, in a given transmission system. However, the ultimate
rl.'cciver is a person viewing the picture, and his sensitivity to noise
superimposed on the picture depends upon the distribution with fre
quency of that noise. This dependence of the viewer's sensitivity to
noise can be considered equivalent to a. linear filter and a linear detector.
We will call this sen.'1itivity function a subjective noise-weighting
function, W(w), defined on t.he video bandwidth, 0 to n. I

•
2

,3,. This
subjel.'tive noise-weight.ing funct.ion gives the value at each frequency
of the relat.ive eont.rihut.ion of noise t.o nn ovprall fi/!:1Il'e of merit.
WI' define this figure of merit as l/P, where

2:13



A Video Compression Efficiency Analysis
using Progressive and Interlaced Scanning

Eric Petajan

AT&T Bell Laboratories
Murray Hill, NJ 07974

Introduction

The delivery of video programming to the consumer at a reasonable cost and with
the highest picture quality cepends on a variety of technologies and systems. Individual
scenes are transduced with !ideo cameras, film cameras followed by telecine, or reduced
by computer. The video signals are then stored on analog video tape or digitized and
stored on tape, disk, or elec ronic image buffer. A finished program is produced by
editing individual scenes together. For the last 50 years programs have been delivered to
the consumer using the NT~;C system. Consumer grade video tape has more recently
provided a program deliver! alternative to broadcasting. Today we are on the verge of
introducing motion compen sated video compression into the program delivery process.
The consequences of this aIe far reaching and affect the traditional economics of the
entire process. In particulal , the choice of video scanning format affects the cost and
quality of the video compression to varying degrees depending on scene content. This
paper provides an analysis 4. ~f the relationship between scanning format, scene content,
and video compression effil iency as it affects picture quality.

Source Material Preparat on

In the interest of COl i.serving computing time and storage, a frame size of 704 H x
480 V was chosen. The 60 frame per second progressive scenes were derived from
progressive high definition;ource material which was appropriately filtered and
resampled to 704H x 480V The interlaced scenes were than derived from the progressive
scenes by selecting the odd lines from the odd progressive frames and the even lines from
the eve:n progressive frame~, Of course, the interlaced scenes have an effective vertical
resolution which is signific [ntly lower than the progressive scenes 1.

Video Coder Configuratk n

A software implemt ntation of an MPEG-2 coder2 was used with progressive
refreshng (see below). No B-frames (bidirectional prediction) were used since the
benefitof B-frames is independent of scanning format. A bit-rate of 4 Megabits/sec was
choser, for all experiments, except for the coding of random noise because of its
difficulty. The refresh rate was selected to achieve a startup in one third of a second for
both formats. Field/frame ( oding was used for all interlaced scenes. Figure I illustrates
how tte encoder can select whether to construct a given block of pixels from an
interlaced frame or from tv. ) fields.

1
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Figure 1. Field/frame coding

The picture quality was measured using the mean squared error of the difference
between the coded and the original pictures. This was expressed as a signal to noise ratio
in decibels using the follo'ving equation:

SNf =10 log 10 [255 2/(MSE(coded picture)]

2



It is generally accepted that differences in SNR of less than .5 dB are not significant.

Static and Predictable Scenes

Motion compensate,! transfonn coding explicitly measures spatial and temporal
redundancy in an image seq uence and only sends unique picture infonnation to the
decoder (see Figure 2). Tht: use of intra-frame-only coding (refreshing shown in Figure
3) for decoder startup (chanilel acquisition), or to provide insert edit points, is an
exception to temporal redur dancy removal in the encoding process and requires an
incre~e in coded bit-rate to maintain equivalent picture quality. The best illustration of
this is m the coding of a stal ic image sequence (repeated still). Virtually the only
infonnation required by the decoder after startup is a set of zero-length motion vectors for
each frame which consume~ a tiny fraction of the bit-rate for a motion sequence.
However, the use of I-fram! s or I-blocks (l means intra-frame coding) dramatically
increa5es the bit-rate to levf Is comparable to coded motion scenes.
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Figure 2. Video Encoder Loop
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- rames

dv,antages:
Fas1ter aquisition if closely spaced in time
Provides clean insertion poins for com mercia Is or editing
isadvantages:

Complicates rate contrl)1
Requires increased rate buffer size
May produce pe riodic di stortion variation

Progressive Refressing

Advantages:
• Easier raE control
• Smaller rate buffer pas sible
Disadvantages:
• Siemer aquisition

Figure 3. Refreshing techniques

To achieve a given decoder startup time or insert edit point period, an entire frame
must be intra-frame coded within the given time constraint. Since the frame rate in our
progressive format (60 fraJ nes/sec) is twice that of the interlaced format (30 frames/sec),
the ratio of intra-code frames to inter-coded frames must be twice as high for the
interlaced format compared to the progressive format to achieve the same decoder startup
time. Therefore, the number of intra-coded frames per second is equivalent between our
interlaced and progressive formats. This holds true for both I-frames and progressive
refreshing with I-blocks. 5,ince virtually all of the bit-rate from a coded static scene is
consumed by intra-frame i lformation, the coded picture quality should not depend on
whether interlace or prognssive scanning is used. However, the coding process will not
remove interlace artifacts. Thus, for static scenes, progressive scanning provides
equivalent coded picture q Jality compared to interlaced scanning without interlace
artifacts. This was verifiell experimentally and the results are shown in the first row of
Table 1. The image of Chi cago was coded with an SNR of 39.83 dB using progressive
and 39.97 dB using interla :ed scanning. This .14 dB difference is not significant.
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Scene Bit-rate Progressive Interlaced Prog SNR
SNR(dB) SNR(dB) - Int SNR

Chicago 4 39.83 39.97 -0.14
Still Mbits/,ec

Panned 4 21.92 21.84 0.08
Map Mbits/',ec
l\'oise 12 18.10 19.57 -1.47

Mbitslsec
Chicago 4 27.19 26.91 0.28

Zoom Mbitslsec

l'tIaU 4 34.61 34.96 -0.35
Mbits/,;ec

T,oaffic 4 39.40 38.58 0.82
Mbitsh;ec

Table 1. Video coding results

The second row of' 'able 1 shows results for a Panned Map which is highly
predic:able and contains no noise. As expected, the two fonnats performed nearly
equally with the progressiv SNR higher than the interlaced SNR by .08 dB.

Random Noise

Now consider the cJding of a sequence of frames of random noise. This type of
scene lS the opposite of a static scene from a video coding perspective, i.e., static scenes
are completely correlated (at least temporally) and noise is completely uncorrelated. The
only opportunity for reduncancy removal in this case is the substitution of coding
artifacts for some of the rar dom noise using human perceptual modeling. Again, the
intra-coded block rate is eq,Jivalent between our two formats but now the inter-coded
blocks consume nearly as many bits as the intra-coded blocks and the interlaced fonnat
has half as many inter-coded blocks per second as the progressive fonnat. Therefore, the
coding of interlaced randorl noise should provide better fidelity than progressive random
noise. In effect, interlaced ,canning of random noise discards half of the noise samples
before coding which reducts the bit-rate proportionately. The third row of Table 1 shows
the experimental results fOJ this case where the coding of a noise sequence produced a 1.5
dB increase in SNR using ilterlace compared to progressive scanning. A bit-rate of 12
Megabits/sec was used for his difficult scene to give reasonable SNR values.

Typic:al Scenes

Row 4 of Table 1 shows coding results for a scene which contains no noise but is
only partially predictable because it is a computer generated zoom using the Chicago still.
Block·based motion compensation can only approximate non-translational motion such
as zooming or rotation. Progressive scanning is slightly favored for this scene with a .28
dB increase in SNR compa'-ed to interlace.

Typical camera scenes contain some noise (electronic or film grain), static or
temporally predictable areas (panning), and areas with unpredictable or complex motion
(uncovered background, fait zooms). The contribution to the total coded bit-rate from
each type of scene contents proportional to the area of each type integrated over the
duration of the scene. The contribution to coded bit-rate from noise is proportional to the
noise amplitude and spectral characteristics. Table 1 lists two scenes in rows 5 and 6
which were filmed at 30 frlmes/second called Mall and Traffic, These scenes were

5



scanned and digitized befo! e coding and they were doubled in speed to 60 frames per
second in order to derive bCJth 60 frames/sec progressive and 30 frames/sec interlace from
the same scenes. Of course: changing the frame rate in simulation is done merely by
changing a software parameter. The Mall scene was shot indoors and contains the
random motion of a fountam and some complex motion (people walking). Increased film
grain from indoor light levels and random motion gives the interlaced form of this scene a
.35 dB increase in SNR compared to the progressive form. This is not significant and
does not result in any visible improvement in picture quality. The Traffic scene was shot
outdoors and contains variuus speeds of motion. The progressive form of this scene
produced a .82 dB increase in SNR compared to the interlaced form. This is a somewhat
visible difference in pictun quality. The interlaced forms of both scenes contain visible
interlc~ce artifacts,

Conclusions

The experimental results clearly show on a wide variety of scenes that the picture
quality of coded progressi\e scenes is equal or better than that of the interlaced form of
the same scenes. In one ca:;e the progressive picture quality was significantly better than
interlaced (not considering interlace artifacts). This may have been due to the increase in
spatial frequency energy in moving areas. If frame coding is used, moving edges are
jagged leading to high freq uency DCT coefficient amplitude. If field coding is used, the
smaller block size reduces ,.he efficiency of the DCT.

Since the pixel rate of the progressive format is twice that of the interlaced format,
the coding efficiency for progressive scanning has been shown to be twice that of
interlaced scanning. The only exception to this is scenes with high amplitude random
noise. Properly coding such scenes calls for noise filtering before coding using
progressive scanning. If tbe noise was intentionally added for effect then a block-based
pseudo-random noise pattern should provide sufficient spatial and temporal
redundancy for good pictUl equality. If the availability of progressive scan cameras is in
question then deinterlacing before video coding should provide most of the benefit of
progressive scanning,
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Summary

Progressive scanning is ,he most direct approach to represent two-dimensional images.
However, in the early y ,~ars of television, an interlaced format was chosen in order to
efficiently save bandwid ,h. Even if this latter format introduces some well known arte
facts such as interline t vitter, line crawling and field aliasing, these effects were not so
annoying at the time c' early television, mainly due to the limited spatial definition
and the limited brightn!ss range of the cameras and the displays at that time. Today,
with the progress in te :hnology, these artefacts become more obvious. However it is
stU true without any 1easonable doubt that for analog television interlaced scanning
offers an improved pict! re quality compared to progressive scanning at the same trans
mission bandwidth. Tlis does not necessarily hold for digital television because the
picture quality depend~ on the coding efficiency at a given bit rate. In such a context,
th.~ advent of the futurl digital and/or high-definition television may be seen as a good
opportunity to bring a :hange in scanning formats. Even if the use of a progressive for
ma.t could require at ft' st sight twice the bandwidth of the interlaced one, the increase
in vertical and tempor,.! correlations within and between frames provides a significant
im provement in the co ling efficiency. Also, even if an interlaced scheme is chosen for
the future digital teleVision, a progressive format may still be of interest as an interme
dia.te format in order 0 improve the coding of interlaced sequences. Advantages and
drawbacks of interlace! and progressive scannings are reported in this deliverable.
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AdvantagE's and Drawbacks of Interlaced and
Prc1gressive Scanning Formats

1 Introductio 0.

Iilterlaced and progresive scanning formats often have been the center of intense dis
cussions about their espective advantages and drawbacks, especially in the context
of making a choice fo the future digital television. Chosing one or the other format
basically reverts to th .'~ problematic choice between an ingenious bandwidth reduction
(yet offering satisfyin~ quality for the end-user) and an improved visual quality at the
display. Signal proces~ ing theory tells us that halving the information rate, which is the
nse when the interlal ed format is chosen instead of the progressive one, must reduce
tle quality of the disp ayed picture and so the saving in bandwidth is accompanied by a
v:triety of effects like me crawling and interline twitter [1]. However interlaced format
has been chosen in th early years of television considering it was one of the most in
teresting solution to a .hieve data compression with regard to the available technology.
It also offered a cleve trade-off between image data compression and display quality.
Today, the improved I uality of the sources and displays make the viewer much less tol
e ~ant of the defects of he interlaced format, especially for large displays (e.g. peripheral
vision), at close viewir g distance and high brightness levels. The change from analog to
digital television ma.y Ie seen as a good opportunity to change formats. Hopefully, since
most digital communi :ation services are new. the backward compatibility constraints
in the choice of a sea lning format are still limited. This choice however needs to be
made with much care. to avoid backward and lateral compatibility problems that would
become difficult to sol'e in the future [2]. In addition, in order to leave space for future
upgrades throughoutll the video coding chain it could be envisaged as a wise step not
to degrade image qua ity at the very beginning of the process, i.e. inside the camera,
600sing a lossy scaning format. But even if an interlaced scheme is still chosen for
future developments, l progressive format may be still of interest as an intermediate
format for improving he coding efficiency and simplify image processing.

This deliverable will i.iscuss advantages and drawbacks of interlaced and progressive
formats considering IT 1l1tiple viewpoints. The following section (section 2) will be de
v::>ted to the historical reasons which led to the choice of interlaced format for the early
television. We then ,,'iII discuss the influence of the scanning format on the visual
perception of the disI,iayed image (section 3). Next sections are structured following
the logical order of bocks inside a typical video broadcasting chain (figure 1), from

3



the signal generation t<, the final displaying, and involves camera technology (section
4), signal processing ~ pects (section 5), coding performances (section 6) and display
technology (section 7). Finally, last section (section 8) will describe some scenarios for
the introduction of a p ogressive scanning format in television.

E BROADCAST)',
SOURCE f----I SIGNAL ~-....;

PROCESSIN(

RECEIVER
SIGNAL ~-....;

PROCESSING

Digitized Film Multi-Resolution r' 1a1ysis

Slow-Motion

Tube Camera

CCDCamera

Filtering

DownlUp Sam, ling

Post-Produced )(

Chroma- Keyin

Fonrull Convers lOS

- deinterlacin
- reinterlacin;
- frame-rate
- aspect ratio

Coding Efficiency

Hardware Aspects

Reference encoder used: MPEG2 ,

Scalability

Still-Picture

Format Conversions
• deinterlacing
• reinterlacing
• frame-rate
• aspect ratio

Interoperability
with multimedia

CRT Display

LCD Display

DMDDisplay

Figure 1: Vic eo broadcast main blocks and aspects directly related

2 Historical Considerations

2.1 The Choice 0: an Interlaced Format

T:le choice of the actull television system arose from numerous compromises between
the visual quality of th ~ displayed image, the bandwidth required for the transmission,
the technical feasibilit of the fundamental components (analysis tube, cathodic ray
tube, etc.), the cost pI' c:e of the receiving set and other economic considerations.

At the time of early tel; vision, a 50Hz field frequency was chosen considering principally
the following points [3 :

1. Correct movemer t restoration. Image frequency (or frame frequency) must be
larger than 15 im loges/second in order to avoid a jerky effect in fast motions.

2. Display tube. Cat lOdic ray tubes have exponential decreasing brightness response.
The light emitted from a portion of the screen is pulsed, leading to some flickering
effect. In usual 1 orking conditions of screen size and brightness, field flickering
disappears for fre luencies above SOHz. By means of interlacing, the mean lighten
ing emitted from. portion of the screen is pulsed at field frequency. Consequently,
field frequency m! st be at least equal to 50Hz.

3. Device concepti01 An economic realization of the receiver involves some restric
tions to the field requency in order to avoid visible defects due to the influence of
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the 50Hz-alternatit e mains onto the display process. Hum effect may influence po
larization voltages and lead to some interference with the luminance signal. Also,
magnetic radiation issued from the feeding transformer may influence the cathodic
beam and alter thE geometry of the displayed picture. These defects are much less
perceptible when t ley appear static on the screen. It implies that they have to be
synchronized with che display frequency.

These considerations le( to the choice of a 50Hz field frequency (60Hz for countries for
which a 60Hz mains wa. adopted).

About the format itseH interlaced was mainly chosen for limiting the bandwidth re
quired to transmit a t,~levision channel : interlacing can be seen as a subsampling
process capable to redu :e the bandwidth by a factor of two (figure 2) without limiting
the, vertical resolution ir static pictures. Interlaced format also allows to make hardware
implementation easier e.g. deflection control at the Cathodic Ray Tube - CRT) and
consequently lower the lrice of consumer's television set.

20ms-

1~ ~ ~ ~ 50Hz Interlaced

...

20ms-

1'" , 50Hz Progressive

--
40ms.. ..

'L , , 25Hz Progressive

..

;'igure 2: The different scanning formats

Unfortunately, interlacilg produces some specific defects like interline flicker, line crawl
ing and pairing. These defects will be further described in section 3.
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2.:2 About a 25H2 -progressive Format

In order to avoid the (bove mentioned defects, let us notice that a 25Hz-progressive
format might have beel chosen at the time of the early television instead of the inter
laced format. Twenty-ive frames a second are high enough for a very large class of
picture material, includ mg all films. However, each frame has to be repeated in order
to convert the display r~fresh into a 50Hz refresh rate and so avoid large area flickering.
Tbis technique works fi'le and is commonly used to screen films (24Hz-progressive) on
cirema, broadcasting fi ms on television or even as an intermediate format within par
ticular television carner is (4]. 25Hz-Progressive format requires the same bandwidth as
interlaced but does no: suffer from the interlaced defects. However, this format was
not chosen at the stari of early television. First, because frame memories needed to
perform the frame repE't,ition were nearly non-existent at that time (and certainly too
expensive to be integraled in every receiver). But also because the deflection processing
at the display must be twice as fast as for interlaced, resulting again in increasing the
cost price of the receiv "r. At last, let us notice that repeating twice the same image
may lead to some an no: ing jerk effect in moving parts of the scene at critical velocities.
In order to avoid this, he integration time of the camera must be equal to the elapsed
tine between two succE,sive images: 40ms for 25Hz-progressive instead of 20ms in the
case of 50Hz-interlaceci'progressive. Consequently, 25Hz-Progressive sequences suffer
from increased blur in uick moving parts of the scene.

3 Visual ConSiderations

3.1 Scanning Art! -facts

The "analog" scene car tured by a television camera may be seen as a function depend
ing on three variables the time, the horizontal and the vertical directions. In order
to convert this functiOl into a one dimensional electric signal, it is required to sample
(a: least) two of these I arameters. Therefore, the time variable and the vertical dimen
sion have been sample; (figure 2). The resulting video signal provides signal at fixed
moments and fixed linl). This" scene" -scanning process generates some defects which
might be visible under ,orne conditions :

L Line structure vis bility. Caused by the vertical sampling and increased by close
viewing.

2. Jerk in motion. A>pears when the temporal sampling frequency is too low (below
15 images/second

3. Large area flicker It depends more on the CRT refresh (pulsed excitation and
exponential decreising brightness response) rather than the choice of the temporal
sampling frequene~' itself. However, they are related. This large area flickering
effect is increased for high brightness values and for peripheral vision (increased
flicker-sensitivity ·f the eye).

6



2.2 Additional p. rtefacts of Interlaced Format

The above mentioned defects of the scanning process stands for progressive format as
well as for interlaced. [n addition, interlaced format suffers from further defects. These
are [1, 3, 6]:

1. Interline flicker. When lines are enough spaced to be distinguished by the eye
(large displays 0 dose viewing distance), alternating fields causes the twittering
of the line struc: ure. Also, if an object has a sharp horizontal edge, it will be
present in one fi ~ld but not in the next. The refresh rate of the edge will be
reduced to the fr .me rate, 25Hz (or 30Hz) and will become visible as twitter.

2. Line crow/ing. 'Vhilst the vertical resolution of a test card is maintained with
interlaced, apart from the twitter noted, the ability of an interlaced standard to
deal with motion is halved. Line crawling is caused by the halving of the vertical
resolution for slo /Iy moving parts of the picture in the vertical direction. It also
causes diagonal II oving edges to be crenelated.

3. Pairing.. Interlac ng is correct when the lines resulting of the merged fields are
strictly equally siaced. For different reasons, it could not be the case at the dis
play. It may thm: bring some lines nearer causing larger black intervals to appear.
This pairing cffe' I. increases the line structure visibility and damage the image
quality.

These effects may alsl be explained in the light of the sampling theory [5, 6]. In a
frequency domain, sarlpling reverts to repeat the spectrum of the "analog" scene at
h;:,rmonics of the field repetition and the line repetition rates (figure 3). In order to
avoid aliasing (i.e. ove'lapping of the different repeated spectra) a pre-sampling filter
ing must be performed at the camera.

T~~mporal pre-filtering lS only due to the remanence effect in the camera tube. The
choice of this paramet ~r is not obvious because various applications have to be con
sidered: from very slo Illy moving pictures to scenes with very quick motion. Those
fiLering effects are poe '.

The vertical spatial p e-filtering is obtained by defocusing the camera optics or the
electron beam (I.e. me difying the analysis spot size). The spot acts as an integrator
of the luminance over finite region. Once again, the performances of such system are
poor. For digital televi ion, were horizontal direction has also to be sampled, templates
for horizontal pre-filter ng filters were optimized by the CCIR and EBU.

The scanning defects v sible at the display are caused by the presence of the repeated
sp,~ctra (dotted lines in figure 3). In order to reduce it, some post-filtering must be per
formed. Most of this p~st-filtering count upon the properties of the human vision. The
human eye may be com pared to a spatio-temporallow-pass filter. Although there is no
separability between srace and time, the behavior of the eye may be assimilated to a
50Hz-cutoff frequency I. lW-pasS temporal filter and a spatial low-pass filter with a cutoff
frequency of approxim;tely 25 cycles by degree of visual angle (e.g. 250 cycles/screen
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Figure 3: Repel ition of the spectra for interlaced scan (25Hz/575 lines)

height for a viewing dis ance of 6H or 350 cyclesjH at 4H). This is also shown in figure 3.

The spectra repeated a. the multiple of the field frequency are responsible for the large
area flicker (particular y the spectra labeled A). Some post-filtering is obtained from
the tube remanence an 1 the temporal low-pass filtering effect of the eye.

The repeated spectra a ong the vertical frequency axis are responsible of the line struc
ture visibility (particuuly the spectra labeled B). As no vertical low-pass filtering is
used for the display, tl e only way to eliminate that effect is to take advantage of low
pass property of the h [man eye and the finite size of the picture tube spot. In order
to have the wanted ey , low-pass effect, the observer has to stay far enough from the
Screen. The line struct Jre is generally dimensioned for a viewing distance of six times
the height of the screel

AB shown in figure 3, he interlaced scanned format has also spectra located at quin
cunx points (labeled C i. Those spectra are responsible for the interline flicker and the
crenelated diagonal m( ving edges.
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3.~~ Kell factor

These same spectra an also responsible for the introduction of a so named Kell fac
tor. A vertical samplin~ frequency of 575 lines per screen height theoretically allows
to display vertical spat al frequencies up to 287.5 cycles per screen height. However,
extending the vertical I andwidth up to this limit leads to an additional flicker due to
the aliased spectra as il ustrated in figure 4.

Venical Resolution (cylesIH)

Temporal Resolution (Hz)

..........

'.

'. '.
~\

\.~:
,.> ",

" "-
Large (venical) area nicker

. '. '
"-" ',,'

Figure 4: 25Hz flickering (Interlaced 50Hz/575 lines)

The effect of this repeat~d spectra, in particular the effect of the flicker area represented
in figure 4, can easily I e explained. At first, let us notice the relationship that exists
bet.ween the points lab'led A anb B in this same figure. Point labeled A represents
a static (i.e. temporal frequency equals zero) television sequence which contains the
highest possible vertical definition. On the opposite side, the point labeled B only has a
poor vertical definition !)ut owns the maximum allowed temporal resolution. The tele
vislon sequences associ; ted to these "spectral points" are illustrated in figure 5. This
figure shows that, when these two sequences are displayed in the interlaced format, they
give rise to the same di5played sequence and the viewer is not able anymore to deter
mi:1e which was the ori~inal scanned sequence. It is the definition itself of the aliasing
phenomenon. In this C;He, it produces an additional flicker.

This flicker has a low \ ertical frequency, which means it affects large (vertical) areas,
and has a temporal frequency close to 25Hz which reveals to be annoying. In order
to minimize this effect, ;;ome additional pre-filtering has to be performed, reducing the
vertical resolution belo' '/ its theoretical limit. This reduction factor is called the Kell
factor (figure 6) and ha:- a typical value of 0.7 (but may vary up to 0.9 or 1 if no filtering
is processed). This filte 'ing is achieved at the camera.
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Figu e .j: Aliasing phenomenon (50Hz-interlaced)

30'1 Progressive ff rmat

Compared to interlace, progressive scanning offers the benefits of a improved vertical
resolution, especially « 1 moving parts of the picture for which intra field aliasing is
av::>ided. As illustrated n figure 7, progressive scanned sources do not suffer from inter
line flicker or crenelate' moving edges (label C on figure 3). Also, they do not require
additional vertical filte ing like mentioned for the Kell factor.

3.5 Subjective C(,mparison between Progressive and Interlaced for
mats

Tests have shown that all other things being equal (screen size and total number of
lines per screen height) a 2:1 interlaced picture has to be viewed from almost twice as
far away as a progressi e scan picture [1]. It was also shown that for the same viewing
dh;tance, progressive SCin needs about 35% fewer lines compared to interlaced in order
to offer the same verti<t! resolution [7].

4 Source Ima~ e Capture Aspects

The influence of SOUrCl image capture devices reflects throughout all the video broad
casting chain and also )fi the choice of the scanning format. The substantial SNR loss
in·:urred in progressive scanning compared to interlaced in pickup tube camera technol
ogy has practically det !rmined the concentration of all the researches on the interlaced
format. However, the i ltroduction of the HDTV together with the fast growing of the
CCD technology seem 0 modify this scenario. In fact, while researches on conventional
interlaced cameras rna nly focus on upgrades regarding lower weight, dimensions, cost,
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target voltage, and eas er control (for important parameters such as the temporal aper
ture). refluirements of IDTV lead to improve the performances of the CCD technology,
These progresses can hus be used to reduce the performance gap in sensitivity and
SNR between interlace l and progressive scan. In the foHowing some of the latest con
tributions in this dom; tn are briefly synthesized

SNR eva.luation for a ',deo-camera passes through a study of noise sources, physically
related to the characte istics of image capture and of the generation of the output cur
rel1t/voltage signal. TI ere are basically two kinds of noise sources in a TV camera [8]
: the first one is quant tm noise (or shot noise), related to the photoelectric converter
present in a tube pickul and in the photo diodes of CCD; its power spectrum is flat both
for tube and for CCD:ameras. The second one is device noise (or triangular noise),
which for tube is main y due to the first stage amplifier noise, and it increases in pro
portion to the cube of '_he signal bandwidth, The latter is 9 dB lower with interlaced
th,w with progressive ,canning [10]. [t explains the poor quality of sequences taken
th~ough a classical prot,ressive tube camera, as well as the low contrast and brightness
observed in these pictues.

More difficult is an eficient computing of SNR for a CCD camera, because of the
p[l~sence of various de\' ce noise sources (reset noise, amplifier noise, shot noise of the
dark current), with spet ific frequency behavior and without a clear dominance of a single
component. In additic n it is noticeable that CCD chips usually performs interlaced
scanning by summing l he signal charge of two vertically adjacent pels, alternating the
combinations of the tW) pels by the field, so the signal voltage (and sensitivity) in the
progressive operation i~ half the interlaced one. By summing up the increase/decrease
of noise power contribl tions and taking into account the last consideration, the SNR
de';ermined by device n )ise of a progressive CCD camera decreases by (6+a) compared
to that of an interlacec one, where -3 < a < +3 expresses the variable dominance of
on,~ noise over the oth ~rs and depends on the manufacturing technology. Moreover,
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